Background: Prospective follow-up studies have recently suggested that persistent high-risk human papillomavirus (HPV) infections play a key role in the progression of CIN lesions and in the development of cervical cancer. However, data on type-specific persistence, viral integration, and the role of multiple infections are scanty. Materials and Methods: A cross-sectional/cohort study was conducted between 1998 and 2002 in three New Independent States of the former Soviet Union comprising a cohort of 3,187 women, of whom 854 women were followed up for a mean of 17 months (SD, 11.6). HPV genotyping was done with real-time PCR, detecting HPV types 16, 18/45, 31, 33/52/ 58, 35, and 39. The integration status of HPV16 was examined by using a novel Taqman-based PCR method.
Introduction
Infection with high-risk human papillomavirus (HPV) is the single most important risk factor of cervical cancer and its precursors (1, 2) . Both high-risk and low-risk HPV infections are known to be extremely common especially among young women. Most cervical HPV infections are cleared in about 12 months with no residual lesion in the cervix (3) (4) (5) , whereas some infections persist. Persistence of high-risk HPV infections is shown to play a key role in the progression of CIN lesions and in the development of cervical cancer (6, 7) . Thus, the viral risk factors for HPV persistence are currently being studied intensely.
We previously studied HPV persistence using the hybrid capture 2 test (HC2) and a Southern blot confirmed in-house PCR assay in the New Independent States of the former Soviet Union (NIS) cohort and found current smoking, high viral load with HC2, high-risk positive PCR result, and incident abnormal Papanicolaou (Pap) test to be significant predictors of persistence during follow-up period (8) . Specific high-risk HPV genotypes have been suggested as one potential risk factor for persistency (6) , and HPV16 has been shown to be among the most persistent types (9, 10) . Some authors have associated HPV infections with multiple types with prolonged persistence in young women (11, 12) , whereas others have not confirmed this (13) . Infections with high viral loads, especially with HPV16, have been reported to be more likely to persist (14, 15) . Despite these several studies, however, the significance of the HPV type, multiple infections, and viral load on HPV persistence are still incompletely understood.
We recently conducted a follow-up study to investigate the persistence of specific high-risk HPV types in a cohort of 854 women from three NIS. To our knowledge, this is the first study where also the role of the physical state of HPV16 on persistence is assessed.
Materials and Methods
Subjects and Study Design. The subjects of this follow-up study represent a subcohort of 854 women derived from a multicenter cross-sectional/cohort study conducted between 1998 and 2002 in three NIS. The cohort consisted of 3,187 consecutive women enrolled by six different outpatient clinics in Moscow, Novgorod (Russia), Minsk (Belarus), and Riga (Latvia). This cohort included women at different risk for HPV infections and CIN: (a) women being screened for cervical cancer (1,696 women), (b ) gynecologic outpatients (768 women), and (c) women attending sexually transmitted disease clinics (723 women). The complete study design has been described earlier, and the current prospective cohort is fully representative of the original cohort in all clinical and epidemiologic aspects (16, 17) . All women had three tests done: (a) Pap smear, (b) HC2, and (c) PCR with Southern blot confirmation using a probe cocktail for high-risk HPVs. Both HPV tests were made from the same cervical scraping taken with the Digene Cervical Sampler. Women with cytologic abnormality consistent with HPV-CIN (atypical squamous cells or above) and those who were high-risk HPV positive with HC2 were referred to colposcopy and biopsy confirmation. Those women with low-grade lesions at biopsy were included in this study and subjected to prospective follow-up, whereas high-grade lesions (CIN III or higher) were promptly treated and excluded from this analysis (16, 17) . The follow-up visits at 6-month intervals included colposcopy examination and Pap smear. A cytologic sample for HPV DNA testing was also collected at each follow-up visit. For this study, follow-up data from at least two (up to seven) subsequent clinical visits were available, with the mean follow-up time of 17.2 months (SD, 11.6 months; range = 1-42.9 months).
Sample Collection. The cervical samples were collected with the Digene Cervical Sampler for HC2 testing as described earlier (16) (17) (18) ). The same samples were then processed for DNA extraction using the high salt method of Miller et al. (19) .
Pap Smears. A routine cervicovaginal Pap smear was taken from all women at every visit. The primary screening and interpretation of the smears according to conventional methods were done in the participating NIS countries. All Pap smears were also rescreened and interpreted in Finland using jointly agreed terminology (modified Pap classification). For statistical analysis, this classification was transformed to correspond to the 2001 The Bethesda System classification.
Outcome of HPV Infections. Outcome of HPV infections during the follow-up were classified using the criteria described in a series of recent articles (5, 8, 20) . As an incident infection, we recorded an appearance of positive HPV test in a previously high-risk HPV-negative woman. As virus clearance, we considered all baseline HPV-positive women, who tested HPV negative during the follow-up and who remained HPV negative at their last visit. Cases who tested HPV positive subsequent to an HPV-negative test (or HPV negative between two HPV-positive tests) were considered as fluctuating infections. In calculating the cumulative clearance of individual HPV types, we used life-table techniques, as previously described (5, 20) , with monthly clearance rates expressed as rates per 1,000 woman months at risk. As a persistent infection, we regarded all cases with positive HPV test at baseline and at the last visit and who did not have any HPV-negative test during the follow-up.
Detection and Quantification of High-Risk HPV by Realtime PCR. High-risk HPV detection, genotype analysis, and viral load quantification was done with a real-time PCRbased assay described recently (21) . With this method, the high-risk HPV types 16, 31, 35, and 39 and members of the group 18/45 and group 33/52/58 were detected in two different reactions. Reaction 1 detected HPV types 16, 31, 18, and 45 (HPV18 and HPV45 were detected together). Reaction 2 detected HPV types 33, 35, 39, 52, and 58 (HPV33, HPV52, and HPV58 were detected together). The third parallel reaction quantified the amount of the single-copy human nuclear gene hydroxymethylbilane synthase (HMBS) to quantify the amount of cellular DNA in the sample. . The amplification conditions were as described previously (21) . A total of six nontemplate controls, where DNA was substituted by water, were included in each run. For the conversion of the data obtained from the ABI 7700 software to threshold cycle number, the BIOMAT version 6.0 algorithm, operating on the MATLAB program, was used because the ABI 7700 software cannot quantify three different fluorophores in the same PCR reaction. The dynamic range of the assay is 10 2 to 10 7 copies of high-risk HPV per assay (21) . HPV35 detection was done only from the baseline samples.
Integration Assay. All HPV16-positive samples at the baseline and follow-up visits were further analyzed for their physical status, using a real-time PCR method recently developed by our group (22) . The amplification conditions, primers, and probes were as described earlier. PCR amplification was done in a 25-AL volume (follow-up samples) or in a 50-AL volume (baseline samples) containing 0.3 Amol/L of primers and 0.1 Amol/L of probe, Taqman Universal PCR Master mix (Applied Biosystems, Foster City), and 2 AL (follow-up samples) or 10 to 50 ng (baseline samples; 50 ng was used when possible) of target DNA from cervical swabs. Two standard curves were obtained by amplification of a dilution series of 5 million to 500 copies of a clone of HPV16 in pBR322. There was a linear relationship between the threshold cycle values plotted against the log of the copy number over the entire range of dilutions (data not shown). In each run, samples were loaded in duplicate, and a mean value of the copy numbers was used for calculations. If the duplicate values differed for >2 C t units, the sample was rerun. If there was still a substantial difference (>2 C t ), the sample was excluded. A total of 83 E2 reactions and 51 E6 reactions were rerun, and in total, 21 samples were excluded. Four nontemplate control reaction mixtures were included in each run.
The results were recorded as copy numbers in 2 AL (followup) or in 50 ng (baseline) of cellular DNA. When no E2 PCR signal was detected, the HPV16 genome was interpreted as integrated. When the ratio of copies of E2 to E6 was >0.5, the physical status was interpreted to be episomal. Otherwise, the sample was interpreted to contain both episomal and integrated forms of HPV16 (mixed form). The cutoff for the E2/E6 ratio for episomal state was previously 1.0 (22, 23) . For this study, a new cutoff of 0.5 was chosen based on the intraassay deviation of calculated E2 and E6 copy numbers of the repeated measurement of dilution series of 500 to 500,000 copies of episomal HPV16 plasmid.
Statistical Analyses. Statistical analyses were done using the SPSS and STATA software packages (SPSS for Windows, version 14.01. and STATA/SE 9.2). Frequency tables for categorical variables were analyzed using the m 2 test, with likelihood ratio or Fisher's exact test statistics. The 95% confidence interval (95% CI) were calculated where appropriate, using the exact method. Differences in the means of continuous variables were analyzed using either nonparametric tests (Mann-Whitney or Kruskal-Wallis) or ANOVA with post hoc tests (Tukey's honestly significant difference and least squares difference, least significant difference). The distribution patterns were carefully controlled for normality, and log transformations were used to correct the skewed distributions. In reporting viral loads, mean values and minimum and maximum values are indicated. Univariate survival analysis (Kaplan-Meier) was used to model the acquisition and clearance times of individual HPV types. Cox multivariate proportional hazards model was used to test the independent predictors of virus clearance, run in a backward stepwise manner with the log-likelihood ratio significance test. The assumption of proportional hazards was controlled by logminus-log survival plots. In all tests, Ps < 0.05 were regarded statistically significant.
Results
Characteristics of the Patients. The characteristics of the study population at baseline are summarized in Table 1 . Altogether, 735 women who had an atypical squamous cells of undetermined significance or above lesion in the Pap test and/ or were tested high-risk HPV positive by HC2 assay and 119 women who were both Pap test negative and high-risk HPV negative were enrolled in this follow-up study. Of these women, 435 were from the screening group, 246 were from the sexually transmitted disease group, and 173 were gynecologic outpatients. Four of the baseline samples were technically unsuitable for analysis, leaving 850 participants to the followup study. Altogether, 2,302 cervical specimens from the baseline and follow-up visits were tested by real-time PCR method. Of these specimens, 38 were HMBS gene and HPV negative. The median number of visits per woman was 3.0 (SD, 1.4; range, 2-7), and the median duration of follow-up was 16.6 months (SD, 11.6; range, 1-42.9). The detection rate of high-risk HPV at baseline was 48.5% with real-time PCR and 71.1% by HC2 assay. HPV16 was the most prevalent type, followed by HPV18/45 and HPV33/52/58 (HPV33 group). Multiple infections were detected in 12.8% of the samples.
Type-Specific Outcome. The HPV-type specific outcomes during the follow-up are shown in Table 2 . Altogether, 246 women remained high-risk HPV negative throughout the follow-up time, whereas 99 (11.6%) acquired a new infection. In a total of 169 (19.8%) women, baseline type-specific infections persisted, whereas 116 (13.6%) patients cleared their type-specific high-risk HPV infections.
Type-Specific Clearance. The mean time to clear an HPV infection with specific type was 16.5 months (median, 15.3; range, 0.9-34.9 months). Type-specific clearance times with specific HPV types are shown in Table 3 . The clearance rate was highest (40%) for HPV33 group and lowest for HPV39 (13.3%). HPV16 and HPV31 infections were the two types with the longest clearance times (18.1 and 16.2 months, respectively), but the differences in type-specific clearance were not statistically significant. HPV infections with multiple types cleared more slowly at the beginning of the follow-up period compared with single-type infections in Kaplan-Meier test, but the difference did not reach statistical significance (P = 0.148). The clearance rates per 1,000 woman months at risk for individual HPV types are summarized in Table 4 . Baseline HPV-positive women with cytologic changes in Pap smear cleared their type-specific infections more rapidly compared with those with no changes in their Pap test at baseline (P = 0.011). The type-specific clearance time was longest in the sexually transmitted disease patients (18.3 months) and equal in the gynecologic patients and the screening patients (15.5 months; P = 0.393). There was no difference in the clearance of HPV infection in women younger than 35 years and older than 35 years (P = 0.459), but women at the 41-to 45-year age group had longer-lasting infections than women below 20 years of age [clearance times, 21.6 months (95% CI, 16.1-27.2) and 13.2 months (95% CI, 9.3-17.2), respectively; P = 0.05].
We also tested the independent predictors of virus clearance by using the Cox multivariate regression model. When the HPV types (as block) were entered into the model, the only significant (P = 0.008) predictors of clearance was HPV33/52/58, with odds ratio of 2.11 (95% CI, 1.21-3.66), and HPV16, with odds ratio of 1.73 (95% CI, 1.02-2.79; P = 0.040). This significant independent predictive value of Duration of Type-Specific Infection. The mean duration of specific high-risk HPV infection (with persisting, cleared, and incident infections included) was 12.9 months (median, 11.1; range, 0-38.6). When persistent and cleared infections as well as type changers and fluctuators were included, the mean duration was longer (i.e., 14.6 months; median, 13.4; range, 0-41.3). The specific duration of infections with different HPV types is shown in Table 5 . HPV16 infections had the longest duration (16.1 months), followed by HPV18/45.
Type-Specific Viral Loads in Persistent and Cleared
Infections. Type-specific normalized viral loads (i.e., copies per cell) at baseline were compared among cleared and persisting HPV infections. The mean viral loads in women with persistent infections were 55.1 (range, 0.0001-1004. Integration of HPV16. A total of 816 HPV16-positive samples from the baseline and follow-up visits were further analyzed for their physical status by real-time PCR -based integration assay. The physical state of HPV16 is related to different type-specific outcomes in Table 6 . Purely integrated form was equally frequent in persistent and cleared infections (4.1%), but mixed form was more frequent in cleared infections. Among the women with persistent Pap smear abnormalities, HPV16 was episomal in 40.5% (30 of 74), integrated in 9.5% (7 of 74), and mixed in 50.0% (37 of 74). Among women who cleared their Pap smear abnormalities, HPV16 was episomal in 48.6% (18 of 37) and mixed in 51.4% (19 of 37). To show the ''sensitivity'' of integration status to predict the different type-specific HPV outcomes, we also calculated the receiver operating characteristic analysis for the different outcomes using integration status dichotomized (yes or no). The areas under the receiver operating characteristic curve are shown in Table 6 , and vary from 0.3 up to 0.560. The difference between the areas under the receiver operating characteristic curves is almost significant (P = 0.078).
To test the eventual integration load cutoffs that would yield the best balance between sensitivity and specificity, we also calculated receiver operating characteristic curves for all different HPV outcomes listed in Table 6 . The areas under the receiver operating characteristic curve varied around 0.5 (the value obtained by chance), and none of the curves was even close to statistically significant. This precludes the pickup of any meaningful integration load cutoffs that would be of any practical value as sensitivity-specificity indicators.
Discussion
The present study was designed to investigate the influence of type specificity, coinfection, and viral load as well as physical state of HPV16 infection on persistence of high-risk HPV infections in a cohort of women followed-up as part of the NIS cohort study (16, 17) . In this analysis, we calculated the duration of the type-specific infection from the first positive sample to the first (same type) negative sample using the sample collection times. Clearance time was the time to clear the infection detected at baseline. Both these times must be considered as estimates because it is not known how long a woman has been infected before the first positive test (at enrollment), or the exact time of virus disappearance during the follow-up. We defined persistence as an HPV infection that remained positive for the same HPV type throughout the follow-up. The possibility cannot be excluded that some of these infections here defined as persistent are eventually cleared or represent a reinfection with the same HPV type. This is, however, unlikely as reinfections with the same HPV type have been shown to be rare (24) . We have also previously shown that reinfection with the same HPV type is quite unlikely, based on the sequence data on HPV16 LCR (25) . For the high-risk HPV detection and quantification of the viral load, we used the real-time PCR -based assay described in detail earlier (21) . The dynamic range per assay is from 10 2 to 10 7 HPV copies. Identification and viral load estimation of different HPV types in a multiple infection are reliable as long as the other types represent at least 1% to 10% of the amount of the main HPV type (21) . Although the HPV genotypes included in our real-time PCR assay are among the most frequent high-risk HPV types, the relatively small number of individual HPV types included in the assay can be considered as a limitation. Despite the high sensitivity of this assay, a possibility always exists that some persistent infections might have been misinterpreted as cleared infections or fluctuators, if the viral loads have been lower than the threshold of detection.
The baseline HPV positivity detected by HC2 was higher than the rate detected by real-time PCR. Undoubtedly, this is in part due to the wider range of high-risk HPV types included in the HC2 assay. Other possible reasons might be the higher threshold of detection for the real-time PCR assay, mutations in the primer locations or inhibitory agents to the PCR but also false negatives due to the assay as such or the quality/quantity of the double-stranded DNA. DNA extraction was done from the samples collected into the transport media, which is alcalic and starts the denaturation of DNA. Thus, part of the doublestranded DNA might be lost during the DNA extraction. Interestingly, 1.6% (13 of 816) of the samples shown as HPV16 positive by real-time PCR were found negative by our integration assay. This might be due to (a) cross-reactions or (b) mutations in the integration assay primer sites.
While comparing the duration of infections between published studies, different designs must be considered. Some authors have analyzed clearance times among women with incident HPV infections (9, 11) . In our study and in the studies of Franco et al. (4) and Giuliano et al. (26) , the clearance time was calculated for infections present at baseline. We also calculated duration of infections separately by including only persistent infections, or those being type changers and fluctuators.
Franco et al. (4) reported loss of initial type-specific positivity for oncogenic HPV types to be only 8.9 months, which is markedly shorter than in our series (mean clearance time, 16.5 months). Similarly, in the study of young women by Ho et al. (11) , the median duration of type-specific infection was 8 months. One explanation for these differences could be the older age of the subjects in our study, although in agreement with other studies (4, 14) , age was not shown to directly influence on the type-specific clearance rates in our series. On the other hand, in a recent study by Richardson et al., the mean duration of incident type-specific high-risk HPV infection was 16.3 months, which was similar to our results (16.5 months; ref. 9) . In addition, others have reported median durations of HPV infections longer than 1 year (12). In our study, the most persistent high-risk HPV types were HPV16 and HPV31, which is in alignment with other studies (9) . However, in the multivariate analysis, HPV16 was found to be an independent predictor of virus clearance. This can be explained by the high prevalence of HPV16 in our series, of which most are cleared, or in the HPV16 group, there might be a subgroup clearing their infection faster, and another subgroup clearing their infection more slowly. We also found that the clearance time was shortest for HPV39 infections, which is in agreement with results of Ho et al. (11) .
Recent studies on the effect of multiple type infections on HPV persistence have resulted in confounding findings. Although some studies have questioned the correlation between persistence and coinfection with multiple HPV types (10, 13) , there are others that associate multiple-type infections with prolonged duration (11, 12) . In our series, multiple infections had the second longest clearance time after HPV16, but the clearance rate per 1,000 woman months at risk was similar to the mean clearance rate (Table 4) .
In a recent study using a real-time PCR method, high HPV16 viral load was associated with a decreased chance of viral clearance (15) . Dalstein et al. (14) studied viral loads with a semiquantitative HC2 test and concluded that high viral load (>10 pg/mL) infections had a slower clearance rate compared with infections with lower viral loads. We confirmed this with the HC2 test (8) , but the real-time PCR detected viral load did not seem to influence HPV persistence in the present study. This reflects the differences between these two techniques and emphasizes the fact that at least, HC2 assay can be considered only semiquantitatively, as recently discussed (18) . Integration of HPV16 into the host genome has been proposed as a potential marker of progressive cervical disease (27) . Because the distinction of transient infections from those that will persist is difficult, we analyzed whether the physical status of HPV16 would be different in these two. Integration of HPV16 was found to be equal (4.1%) in persistent and cleared infections. Interestingly, however, no pure integrated HPV16 form was found in women who cleared their Pap smear abnormalities as contrasted to women with persistent Pap smear abnormalities, where HPV16 was often integrated. This might implicate that HPV integration predisposes cervical lesions (abnormal Pap) to persist. However, integration of HPV16 was not found to correlate with persistence of HPV infection per se. This might be due to an undetectably low copy number of the integrated form in several persistent lesions, or it might be that cells containing integrated HPV are also destroyed by the host defense mechanisms. The HPV16-positive samples taken during the follow-up were also analyzed for HPV16 integration, to determine whether or not the integration status changed during the follow-up and, if so, to which direction (episomal to integrated, mixed to integrated, etc.). There seem to be changes to all directions among the three physical states (integrated, mixed, and episomal), but even these changes did not correlate to any of the viral events analyzed. However, the follow-up time in our study was probably too short to draw definite conclusions because the final selection of the cell populations for malignant progression is a long-lasting process (22) .
To conclude, a large proportion of women remained positive for the same high-risk HPV type after 17 months of mean follow-up. Clearance time was longest for HPV16, which also showed the longest duration of infection, although the differences to other high-risk HPV types were not statistically significant. Coinfection with multiple HPV types, viral load, or integration status of HPV16 was not found to correlate with persistence/clearance of high-risk HPV infections.
